INTRODUCTION: Cervical radiculopathy is one of the common degenerative spinal disorders. Nerve root compression within a stenotic neural foramen is considered one of major causes for this condition. Previous in-vitro studies showed the effect of cervical spinal motion on the changes in the neural foramen, and cervical extension reduced the area of the neural foramen and increased the pressure inside the neural tissue. Clinically, cervical extension aggravated the symptom in patients with cervical radiculopathy, and the flexion often relieved it. However, information on dynamic morphologic changes in the cervical neural foramen in vivo is lacking. With the advent of modern workstations, multiplanar reformations are fast and easy to perform. Reformatting standard axial computed tomography (CT) images of the cervical spine in an oblique plane produces excellent visualization of the neural foramen. The benefits of these oblique reformations, including improved demonstration of anatomic relations, have been demonstrated for both CT and magnetic resonance imaging (MRI). The purpose of this study was to examine the morphologic changes in the cervical neural foramen during flexion and extension in vivo.
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METHODS: Five healthy male volunteers were recruited and underwent CT of the cervical spine. All the volunteers had no history of cervical spinal disease. Their age ranged from 27 to 42, with the mean age of 33 years. CT examination was performed with multi-slice CT (Somatome Plus Volume Zoom, Siemens Inc.). CT images of the cervical spine were taken at the neutral, maximum extension and maximum flexion position respectively. Reconstructed images in the oblique plane perpendicular to the long axis of neural foramen at the right and left C3/4 to C6/7 level were obtained with a slice thickness of 2 mm. These images were optimized for evaluation of bony structures, and were stored in digital form with optimal resolution for the assessment. Measured parameters included foraminal height, foraminal width and foraminal cross-sectional area. The dimensions of neural foramen were measured at the section that showed narrowest cross-sectional area of the foramen, which usually corresponded to the middle of the pedicle. These values were measured by one of the authors using an image analysis software (Scion image). The differences in the neural foraminal dimensions between neutral and flexion, and between neutral and extension position of the cervical spine were analyzed using paired t-test.
RESULTS: A total of 40 neural foramens were analyzed. The results were summarized at the following 47 ± 11 37 ± 7 29 ± 7 P < 0.01
Flexion significantly increased the foraminal height (14%), foraminal width (13%), and foraminal area (27%) (p<0.01). On the other hand, extension significantly decreased the foraminal height (8%), foraminal width (27%) and foraminal area (22%) (p<0.01).
CONCLUSIONS: This is the first study that described the in-vivo morphologic changes in the neural foramen in the cervical spine. Flexion opened the neural foramen for 27% through increasing the foraminal height and width. Extension closed the neural foramen for 22% through decreasing the foraminal height and width. These results were consistent with previous in-vitro reports. Neural foraminal stenosis in the cervical spine could be depicted with magnetic resonance imaging or conventional oblique plain radiography, although the false-positive or -negative rate may be high. The presence of nerve root compression was not specifically studied in the present study. Nerve root compression was developed through the interrelationship among the foraminal dimensions, nerve root size, and its location within the neural foramen. These indicated that neural foraminal stenosis cannot be diagnosed only by the foraminal dimensions, and critical dimensions of the neural foramen may vary from level to level and from individual to individual. Further studies are needed to examine the association of the severity of radicular symptoms with dynamic changes of neural foraminal stenosis in patients with cervical radiculopathy.
